The title compound, [Ti(C 24 H 33 O 2 )Cl 3 (C 4 H 8 O)], is a rare example of a trigonalbipyramidal titanium coordination complex with three chloride and two oxygen donor ligands. The asymmetric unit contains two independent molecules having essentially the same conformation. The molecules feature the titanium(IV) metal cation complexed with three chloride ligands, a tetrahydrofuran molecule, and one oxygen atom from the resolved ligand precursor (R)-(+)-5,5
0 ,6,6 0 -tetramethyl-3,3
0 -di-t-butyl-1,1 0 -biphenyl-2,2 0 -diol, where the remaining phenolic hydrogen atom engages in intermolecular O-HÁ Á ÁCl hydrogen bonding. In one molecule, the THF ligand is disordered over two orientations with refined site occupancies of 0.50 (3).
Chemical context
Asymmetric Lewis acid catalysis with titanium coordination compounds featuring chiral ligands for the selective synthesis of resolved small molecule organic compounds is a well established field of chemistry (Ramó n & Yus, 2006) . Chiral diol ligands such as 1,1 0 -bi-2-naphthol (BINOL) and 2,2-dimethyl-,, 0 , 0 -tetraphenyl-1,3-dioxolane-4,5-dimethanol (TADDOL) are two ligand types that have seen frequent use (Baker-Salisbury et al., 2014) . In work aimed at preparing new titanium asymmetric Lewis acid catalysts, the title compound was obtained as a crystalline solid from tetrachloridobis-(tetrahydrofuran)titanium(IV) and the BINOL ligand (R)-(+)-5,5 0 ,6,6 0 -tetramethyl-3,3 0 -di-t-butyl-1,1 0 -biphenyl-2,2 0 -diol (BIPHEN). The complex, [BIPHEN- 1 O]TiCl 3 (THF), is a rare example of a trigonal-bipyramidal coordination geometry for titanium(IV), with a Chemical Bonding Classification (CBC) designation of TiLX 4 (Green, 1995) . ISSN 2056-9890 
Structural commentary
The asymmetric unit of the title compound, [BIPHEN- 1 O]-TiCl 3 (THF), contains two independent molecules (Fig. 1) , the only notable difference being the twofold disorder of the tetrahydrofuran ligand on Ti2. The trigonal-bipyramidal molecules have very similar metrical parameters. The BIPHEN phenoxide distances, Ti1-O11 of 1.767 (4) Å and Ti2-O21 of 1.756 (4) Å are similar, and shorter than the Ti-O bonds to the neutral coordinating tetrahydrofuran (THF), with Ti1-O13 2.157 (9), Ti1-O13 0 2.112 (9), and Ti2-O23 2.125 (4) Å . The THF occupies an axial position in the trigonal-bipyramidal complex, while the BIPHEN phenoxide is equatorial. The other axial position contains chloride with distances of Ti1-Cl12 2.2728 (17) Å and Ti2-Cl22 2.2685 (18) Å . The remaining two equatorial sites are occupied by chlorides with similar Ti-Cl bond lengths (see Supporting Information). The complex is very nearly trigonalbipyramidal, with linear axial O-Ti-Cl angles O13-Ti1-Cl12 174.5 (4)
, O13 0 -Ti1-Cl12 173.9 (4) and O23-Ti2-Cl22 176.50 (13) . The angles in the trigonal plane are further away from the ideal 120
, for example O11-Ti1-Cl13 131.13 (13) , O11-Ti1-Cl11 113.94 (13) , Cl13-Ti1-Cl11 113.72 (7) , while the axial-equatorial angles are all quite near 90
. The absolute structure parameters confirm the R axial chirality of the BIPHEN ligand, with Flack x = 0.03 (2) and Hooft y = 0.03 (2) (Dolomanov et al., 2009) .
Supramolecular features
The molecules pack together in the solid state via van der Waals forces and hydrogen bonding between the phenolic OH groups and chloride ligands on neighboring molecules, O12-H1Á Á ÁCl12 i and O22-H2Á Á ÁCl22 i [symmetry code: (i) x, y + 1, z] with HÁ Á ÁCl distances of 2.62 (4) and 2.59 (4) Å , respectively (Table 1) . These interactions create zigzag chains linking equivalent molecules extending parallel to the b axis (Fig. 2) .
Database survey
The Cambridge Structural Database (Groom et al., 2016) contains one related titanium BIPHEN structure and a few five-coordinate titanium complexes with three chloride and two oxygen donor ligands. The structure of BIPHEN(TiCl 3 ) 2 comprises TiCl 3 moieties additionally coordinated by each phenoxide O atom of the ligand (Chisholm et al., 2003) . A very similar structure to the title compound, [(EMind)O]-TiCl 3 (THF), also has a bulky phenoxide ligand in an equatorial position and THF in an axial position on the trigonalbipyramid (Kanazawa et al., 2016) . Also similar, the same trigonal-bipyramidal arrangement is seen in a complex with two TiCl 3 (ethyl acetate) units coordinated by phenoxides derived from the diol 2,2 0 -(1,3-butadiyne-1,4-diyl)bis[phenol] (Saied et al., 1998a) . The structure of 4,4 0 -dimethylbenzophenone coordinated to TiCl 3 with the bis(phenoxide) derived from a fluorenediol also contains titanium in a trigonalbipyramidal coordination environment; however, all three chlorides are in the equatorial plane and the ketone and phenoxide are axial (Saied et al., 1998b) . A dinuclear disilane-1,2-diolateoxo-bridged titanium complex (Krempner et al., 2007) exhibits two unique distorted trigonal-bipyramidal 89 Figure 1 A view of the two independent molecules of [BIPHEN-
1 O]TiCl 3 (THF) with the atom-numbering scheme. Displacement ellipsoids are shown at the 50% probability level. Hydrogen atoms on carbon have been removed for clarity. coordination environments, while a trinuclear mandelic acid methyl ester moiety exhibits two distorted trigonal-bipyramidal coordination environments and a pentagonal-bipyramidal seven-coordinate titanium (Ziemer et al., 2008) .
Synthesis and crystallization
Under a nitrogen atmosphere, tetrachloridobis(tetrahydrofuran)titanium(IV) (23.4 mg, 0.07 mmol) was added to (R)-(+)-5,5 0 ,6,6 0 -tetramethyl-3,3 0 -di-t-butyl-1,1 0 -biphenyl-2,2 0 -diol (50 mg, 0.14 mmol) in C 6 H 6 (2.5 ml) and the benzene was allowed to slowly evaporate yielding red plate crystals within seven days. The synthesis could be scaled up and the material collected by filtration, yielding a dark-red crystalline powder; however, the material quickly powders into a pink amorphous solid upon loss of coordinating THF, as observed by 1 H NMR of the decomposition product.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . H atoms on carbon were included in calculated positions and refined using a riding model with C-H = 0.95, 0.98 and 0.99 Å and U iso (H) = 1.2, 1.5 and 1.2U eq (C) of the aryl, methyl and methylene C atoms, respectively. The position of the phenolic hydrogen atoms were found in the difference map and the atom refined semifreely using a distance restraint d(O-H) = 0.84 Å , and with U iso (H) = 1.2U eq (O). 
Computing details
Data collection: APEX2 (Bruker, 2013 ); cell refinement: SAINT (Bruker, 2013) ; data reduction: SAINT (Bruker, 2013);  program(s) used to solve structure: SHELXT2014 (Sheldrick, 2015a ); program(s) used to refine structure: SHELXL2014/6 (Sheldrick, 2015b); molecular graphics: SHELXTL2014 (Sheldrick, 2008) ; software used to prepare material for publication: SHELXTL2014 (Sheldrick, 2008) , OLEX2 (Dolomanov et al., 2009) and Mercury (Macrae et al., 2008) .
trichloro(3,3′-di-t-butyl-2′-hydroxy-5,5′,6,6′-tetramethyl-1,1′-biphenyl-2-ol)(tetrahydrofuran)titanium(IV)
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

